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1
.
$\epsilon(k)$ $\Phi(\omega, \theta)$ $E$ (
)
$E= \int\epsilon(k)dk=\int_{0}^{2\pi}\int_{0}^{\infty}\Phi(\omega, \theta)d\omega d\theta$ (1)
. $k$ 2 , $\omega(k)=(g|k|)^{1/2},$ $\theta$ .










$N(k)=\epsilon(k)/\omega(k),$ $\omega_{i}=w(k_{t})(i=1,2,3,4)$ , $T_{1234}$ $k_{1},$ $k_{2},$ $k_{3},$ $k_{4}$
, $\delta$ . $k$ $\omega$ ,
4
$k_{1}+k_{2}=k_{3}+k_{4}$ , $w_{1}+\omega_{2}=\omega_{3}+\omega_{4}$ (5)
4 . $S_{n\downarrow}$ ,
,
.






(4) . , $T$ ,
$ak$ , Hasselmann
$O(T/(ak)^{4})$ , Tanaka (2001a) $=$.
20 ,
.
Janssen (2003) $S_{nl}$ , ,
$S_{nl}$ . Janssen $S_{nl}$ $tarrow\infty$
Hasselmann $S_{nl}$ . Janssen , $tarrow\infty$
,
,







2. ( Annenkov&Shrira 2006) , ,

























$\nabla^{2}\phi(x, z, t)=0$ , $-\infty<z\leq\eta(x, t)$ (6)
$\phi_{t}+gz+(1/2)(\nabla\phi)^{2}=0$ , $z=\eta(x, t)$ (7)
$\eta_{t}+\nabla_{h}\phi\cdot\nabla_{h}\eta=\phi_{z}$ , $z=\eta(x, t)$ (8)
$\phiarrow 0$ , $zarrow-\infty$ (9)
$\phi(x, z,t)$ , $\eta(x, t)$ , $\nabla_{h}\equiv(\partial/\partial x, \partial/\partial y)$
X-y . $\psi(x, t)(=$
$\phi(x, \eta(x, t), t))$ (7), (8)
$\psi_{t}+g\eta+(1/2)(\nabla_{h}\psi)^{2}-(1/2)Vt^{\gamma 2}\{1+(\nabla_{h}\eta)^{2}\}=0$, (10)
$\eta_{t}+\nabla_{h}\psi\cdot\nabla_{h}\eta-W\{1+(\nabla_{h}\eta)^{2}\}=0$, (11)
. $W(x, t)$ .





Janssen (2003) Hasselmann , Zakharov (Zakharov 1968,
Krasitskii 1994) :
$\frac{\partial N_{k}}{\partial t}=4\int|T_{0123}|^{2}\delta(k_{0}+k_{1}-k_{2}-k_{3})R(\Delta\omega, t)$
$\cross[N_{2}N_{3}(N_{0}+N_{1})-N_{0}N_{1}(N_{2}+N_{3})]dk_{123}$, (13)
$R_{j}( \Delta\omega, t)=\frac{\sin(\Delta\omega t)}{\Delta\omega}$ . (14)
Janssen (13) , $R_{i}(\Delta\omega,t)$ $tarrow\infty$ $\pi i\delta(\Delta\omega)$ ,
Hasselmann (12) .
(12) $t$ , Hasselmann
$tarrow\infty$ . Janssen (13)











(10), (11) . $\phi(x, z, t)$ Laplace
Dirichlet $W(x, t)$ , (West $et$
al. 1987, Dommermuth and Yue 1987, Tanaka $2001b$) . $t$
4 Runge-Kutta . (10) (11) $\eta,$ $\psi$
, $M$ .
3 4 $M=3$ .
$L$ , $x,$ $y$ $L$
. $x$ .
$N_{x}xN_{y}$ . $N_{x}=2^{13}=8192$ ,
$N_{y}=2^{12}=4096$ .
111
$x$ $y$ $k_{\max},$ $\iota_{\max}$
$k_{\max}=N_{x}/(M+1)=2048,$ $l_{\max}=N_{y}/(M+1)=1024$ .
$k_{\max}$ 16 ,
$k_{p}$ $k_{p}=k_{\max}/16=128$ . ,
$\lambda_{p}$ $L=128\lambda_{p}$ , $128\lambda_{p}\cross 128\lambda_{p}$
. $-16\leq k_{x}\leq 16,$ $-8\leq k_{y}\leq 8$ ,
$\Delta k=1/128$ . $k$ ,
$l,$ $k_{\max},$ $l_{\max},$ $k_{p}$ , $k_{x},$ $k_{y}$ $k$
. $k,$ $l$ $[-k_{\max}, k_{\max}]$ ,
$[-l_{\max},l_{\max}]$ , $k$ ,






1 , $E=0.003$ , cos2 $\theta$ JONSWAP





, , $k$ ,
.
, $k$
. 2 1 $\eta(x, t)$ skewness $S$ kurtosis
$K$ .





















\emptyset (JONSWAP, cos2 $\theta,$ $E=0.003$)
3 $\eta(x, t)$ (Pdf) . $\xi=$
$\eta/\sqrt{E}$
$\xi$ . $S$ $K$






3: $\eta$ 4: $w=095$ 110 $\Psi(\omega)2$
(JONSWAP, cos $\theta,$ $E=$(JONSWAP, cos2 $\theta,$ $E=0.003$)
0.003)
4.2









5: $T_{1}(\omega)$ Hasselmann 6: $Int= \int_{0}^{\infty}|T_{1}(\omega)|d\omega$ vs. $E$ (JON-
(JONSWAP, cos2 $\theta$). SWAP, cos2 $\theta$).
5 $\Psi(\omega)$ $T_{1}(\omega)$ ,
Masuda (1980) Resio-Perrie (1991) Hasselmann $S_{n\downarrow}$
. $S_{\mathfrak{n}l}$ (12) Hasselmann
$E^{3}$ . 6 , $T_{1}(\omega)$
$Int= \int_{0}^{\infty}|T_{1}(\omega)|$ , $E$
, $T_{1}(w)$ $E^{3}$ . ,




































\S 2 , Hasselmann (1962) (12) $tarrow\infty$
.
, ,
. Yuen&Lake (1982) Zakharov
, $\tau=\epsilon^{2}t$ ,
(12) ( $\epsilon$ $ak$ ).
, $\tau$
$\lim_{\tau_{0}arrow\infty}\int_{-\tau_{0}}^{0}\exp(i(\omega/\epsilon^{2})\tau)d\tau\sim\pi\delta(\omega)+O(\epsilon^{2}/\omega)$ (15)
“delta calculus” . Hasselmann $S_{n\downarrow}$

























, , , $tarrow\infty$
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